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Presentation Outline
 Overview of lead uses in vehicles
 The problem with lead wheel weights
 Wheel balancing 101 
 Lead free alternatives
 “Lead Free Wheels” program
 cost, availability & how to participate
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Toxics in Vehicles: Lead
 New research by 
the Ecology 
Center and 
Environmental 
Defense
 Auto batteries 
responsible for a 
majority of global 
lead use
 Lead wheel 
balancing is #2 
automotive use
Overview
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Lead in North American Vehicle Fleet
Vehicle Application
Estimated 
New Vehicle 
Use, MY2000 
(metric tons) Percentage
Lead-acid battery 1,120,000 95.94%
Non-battery uses 47,360 4.06%
Non-battery use breakout
Zinc coating 18 0.00%
Terne metals, brazing 555 0.05%
Electronics – circuit boards 1352 0.12%
Steel alloys 530.5 0.05%
Copper alloys 9278.5 0.79%
Aluminum alloys 2106 0.18%
Vibration dampers 3533.5 0.30%
Fuel Hoses 388.5 0.03%
Polyvinyl chloride 972 0.08%
Wheel balance weights 19789.5 1.70%
Other uses 8,836 0.76%
Total Non-battery uses 47359.5 4.06%
a. New vehicle fleet estimates for batteries and wheel balance weights 
include original equipment installation as well as in-use replacement 
demands. 
b. Other uses of lead include applications such as piston coatings, 
valve seats, starters, electric motors , rubber goods and pyrotechnic 
initiators for air bags.
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Lead releases from autos
Automotive Related Lead Release & Transfers, US/Canada - 2002
Secondary Lead 
Production
4% (6,076)
Vehicle 
Manufacturing 
and Assembly
2% (2,222)  
Secondary Stee l 
Production
3% (3,991)
Wheel weight 
loss
4% (5,288)
SLI batteries  to 
landfi ll
31% (42,887)
Primary Lead 
Production
44% (59,507)
Lead content of 
ASR
12% (16,537)
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Lead wheel balancing weights
 Typically 40-50 grams 
lead per wheel on 
passenger vehicles
 2 weights per wheel
 US estimated lead 
weight loss: 1,600 
metric tons per year
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Alternatives
 Alternatives available for most automotive lead uses, 
though batteries most challenging
 Several auto companies have stated goals to reduce 
lead use
 EU Directive on End-of-Life Vehicles (ELV) requires 
the phase-out of a number of uses by 2006 or earlier
 Initial lead wheel weight phase out for “new make” vehicles 
by July 2003
 Complete lead wheel weights phase out in passenger 
vehicles by July, 2005
 No equivalent N. American policies
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The wheel weight problem
 Waste management
 Backyard smelting for 
recreational (fishing 
tackle, boating & 
ammunition) and other 
uses
 Wheel Weight failure
 ~13% of wheel weights 
fall off of rims
 Lead production, 
recycling and smelting 
is inherently dirty
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Wheel weight failure rates
 Average failure rate of 
13% over the life of tire
 Reasons for failure
 Poor rim to wheel weight 
clip match
 Wheel impact from curbs, 
potholes and rapid changes 
in momentum —
acceleration/deceleration.
QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Root Study
 The primary published study documenting wheel 
weight failure rates
 Lead Loading of Urban Streets by Motor Vehicle 
Wheel Weights, by Robert A. Root, Ph.D., 
Environmental Health Perspectives 108:937-940, 
October 2000
http://ehp.niehs.nih.gov/docs/2000/108p937-940root/abstract.html
 Other studies: Two EU studies examined a 
range of lead issues related to vehicles 
(including wheel weights) and determined a 
phase-out of the use of lead for wheel 
balancing was feasible.
http://europa.eu.int/comm/environment/waste/studies/elv/heavy_metals.htm
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Root study data:
biweekly accumulated lead
September 23, 2004   — 12
Root study data:
daily accumulated lead
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Root study data:
Wheel weight degredation/abrasion
 Approximately 0.50 kg of weights 
placed in roadway each day, for 
14 days. A total of 7.0 kg was 
deposited in this way.
 Only 4.0 kg of the 7.0 kg [8.8 lb of 
the 15.4 lb] of wheel weights was 
found on the 15th day.
 In the degradation study, half of 
the wheel weight lead deposited in 
the street was not visible after 
eight days.
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Conclusions
 Lead loading of major Albuquerque thoroughfares by motor 
vehicle wheel weights is estimated at 3,730 kg/year [8,200 
lb/year]: 2,650 kg/year [5,830 lb/year] for principal arteries 
and 1,080 kg/year [2,370 lb/year] for minor arteries.
 Similar results should be anticipated wherever lead weights 
are used to balance motor vehicle wheels.
 An estimated 64 million kg/year [70,000 ton/year]of lead is 
consumed worldwide for wheel weights
 Scaling the estimated Albuquerque deposition to the entire 
U.S. indicates that a significant amount of this rolling lead, 
perhaps 10% (1.5 million kg/year [3.3 million lb/year]), is 
deposited in urban streets.
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Ecology Center 4 week study
 Fall of 2001 survey of two Ann Arbor streets
 Average weight collected was 20.5 g, roughly equates with the 
weights that Dr. Root retrieved
 Forty-seven wheel weights were retrieved in the survey; fully 96% of 
these were found within 2 feet of the curb. These results accord with 
those of the Root study.  99% of the wheel weights Root found were 
retrieved within 2 feet of the curb.
 Nearly 98% of the wheel weights retrieved were found within 25 feet 
of an intersection (only one was not)
 Our study found that 0.000046 wheel weights are lost per vehicle-
mile/year.  0.000045 wheel weights were lost per vehicle-mile/year in 
the Root study area.
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Lead loading in Midwest
Estimate d Lead Wheel Weight  Loss Estimate s By State
State Weight s Loss
(urban only)
Lead L ost  Per
Year (met ric
t ons)
Lead L ost
During Tires
Life, average
3.5  ye ars
(met ric t ons)
Tot al L ead
Used
(based on
ave rage
t ire lif e of
3 .5  ye ars)
Perc ent
Mass Lost
Illinois 3 ,347,677 70 301 1,972 15%
Indiana 1,626,107 34 120 1,125 11%
Michigan 2,844,472 60 228 1,691 13%
Minnesota 1 ,273,576 27 102 911 11%
Ohio 2,991,440 63 278 2,111 13%
Wisconsin 1 ,215,771 26 89 895 10%
Midwest Total 1 3 ,299 ,0 43 2 79 1 ,1 18 8 ,7 04 1 3%
Sources:  Vehicles Miles Trave led and St at e Moto r Vehicle Regist rat ions dat a f rom
USDOT, Federal Highway Administ rat ion, Highway St at ist ics 2001 , Tables VM-2 & MV-
1.  Lead wheel weight  deposit ion rate  derived from Root , Environment al Healt h
Perspect ives, Volume 108, Number 10. Oct ober 2000 .  Lead deposit ion rate , in
weight s lost  per vehicle mile t raveled, was applied only t o urban vehicle miles t raveled.
Existi ng st udies have only examined urban vehicle t ravel.
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Wheel balancing 101
 In 2002, 287 million light vehicle tires were sold in the 
United States, 75% percent of which were replacement 
tires
 Each tire is typically balanced in 2 planes, horizontal 
and vertical (dynamically balanced), resulting in the 
use of 2 weights lead weights weighing 20-25 grams 
each per tire.
 64 million kg/year (70,000 ton/year) of lead is used 
worldwide in the manufacture of wheel weights. 
Weights vary in size and weight, ranging between 5-
150 mm (0.2-6 in) in length and 7-113 grams (0.25-
4oz) in weight. A typical vehicle contains between 200 
and 250 grams of lead in wheel weights.
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Weight installation
 Typical locations for 
wheel weight 
installation
 Examples of wheel 
balancers
QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Weight clip design 
examples
 MC
 Most US OEM alloy rims
 AW
 Older GM, Ford, Chrysler alloy 
rims
 FN
 Imports with alloy rims —
Acura, Honda, Nissan, Toyota 
since 1990 QuickTime™ and aTIFF (Uncompressed) decompressor
are needed to see this picture.
QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Weight selection chart
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Lead-Free Wheels program
The “Lead Free Wheels” program 
goals:
 direct reduction of 6,000-7,500 kg 
of lead use on vehicles in 
Michigan and the Midwest
 demonstrate the viability of lead-
free wheel weight installation at 
Michigan tire retailers, and other 
points vehicle service
 leverage program to encourage 
domestic production of lead-free 
wheel weights and participation of 
larger national tire chains in lead 
phase out.
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Lead-Free Wheel Balancing Technology
 External Balancing
 Tin, Zinc, Steel (UK)
 Steel (Japan)
 Zinc or ZAMA alloy (Italy, Germany) - zinc, 
aluminum and copper alloy 
 Thermoplastic Polypropylene, high specific 
gravity plastics (US)
 Internal Balancing
• Glass, metal or polymer balancing beads 
(Canada/US)
• Primarily on heavy duty vehicles
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Program results
 Program Participants
 Public Fleets
 University of Michigan
 Michigan
 Minnesota
 Grand Rapids
 Romulus
 Ann Arbor
 Madison Heights
 Federal Fleet - GSA Region 9
 Private
 A dozen independent tire retailers in the Midwest (primarily 
Michigan)
 Weights distributed
 7,000 weights, displacing 350 pounds of lead.
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Cost of alternatives
 Cost comparison of currently available 
weights
 Cost reflect what our current program partners are paying
 Comparison is highly dependent on the quality of lead weights —
Coated vs. Uncoated
Weight Cost Comparison by Material
Average Cost per weight (5-50 gram weights)
Tin Zinc1 Iron Lead2
$0.37 $0.30 $0.19 $0.16
1-Cost range from three different manufacturers is $0.24-$0.38.  We are 
currenlty purchasing weights for $0.24.
2-Cost range for lead amoungst program participants varies widely , from 
$0.06 -$0.30, depending on the type of lead weights purchased(coated or 
uncoated) and supplier.
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Wheel weight survey:
Vehicles For Sale in the U.S. with Lead-free Wheel Weights
Weight types: FE=Steel; FE/ADH=Steel Tape-a-
Weight; PB=Lead; ZN=Zinc
Subaru
Forrester (FE) 
Legacy (FE/ADH) 
Impreza WRX (FE) 
Outback (FE) 
Impreza RS (FE)
Hyundai
Elantra GT (FE) 
Tiburon (FE) 
Sonata (FE) 
Accent (FE) 
Santa Fe (FE)
Nissan
Murano SL (FE/PB)
Toyota
Rav4L (FE/ADH) 
Rav4L (FE/ADH) 
Highlander (FE/ADH) 
4Runner (FE/ADH) 
Matrix (FE/ADH)
Honda
CRV (FE)
Mazda
Mazda 3 (FE/ADH) 
RX8 (FE/ADH) 
Mazda 6 (FE/ADH) 
MPV LX (FE/ADH)
Suzuki
XL7 (FE) 
Grand Vitara (FE) 
Vitara V6 (FE) 
Verona (FE) 
Aerio SX (FE)
Aerio Sedan (FE) 
Forenza (FE)
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Market & Policy Challenges
 OEM Policies
 EU/Asia 
 State & federal 
legislation
 Proposed ban on lead 
weight sales — SB 1169 
(Michigan)
 Potential voluntary or 
legislative program by 
EPA
 Aftermarket 
 TOP RETAILERS (sales, 
millions)
 Bridgestone $2,600
 Sears  $2,200
 Discount Tire  $1,495
 Wal-Mart/Sam's  $1,200
 Les Schwab  $1,053
 TBC   $875
 Goodyear  $800
 Pep Boys  $790
 Canadian Tire  $265
 Ampac  $250
 Costco  $235
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Resources Available
Lead Free Wheels Website:
www.leadfreewheels.org
Jeff Gearhart
Campaign  Director
Ecology Center
(734) 663-2400, x117
Jeffg@ecocenter.org
www.ecocenter.org
Special thanks to EPA Region V for partial 
funding of this work.  Thanks also to the 
Michigan DEQ and State of Minnesota for 
their ongoing support and involvement.
